Background: The objective of this study was to evaluate the probability of cancer-specific death of patients with acinar cell carcinoma (ACC) and build nomograms to predict overall survival (OS) and cancer-specific survival (CSS) of these patients. Methods: Data were extracted from the Surveillance, Epidemiology, and End Results (SEER) database. Patients diagnosed with ACC between 2004 and 2014 were retrospectively collected. Cancer-specific mortality and competing risk mortality were evaluated. Nomograms for estimating 1-, 2-and 3-year OS and CSS were established based on Cox regression model and Fine and Grey's model. The precision of the 1-, 2-and 3-year survival of the nomograms was evaluated and compared using the area under receiver operating characteristic (ROC) curve (AUC). Results: The study cohort included 227 patients with ACC. The established nomograms were well calibrated, and had good discriminative ability, with a concordance index (C-index) of 0.742 for OS prediction and 0.766 for CSS prediction. The nomograms displayed better discrimination power than 7th or 8th edition Tumor-Node-Metastasis (TNM) stage systems in training set and validation set for predicting both OS and CSS. The AUC values of the nomogram predicting 1-, 2-, and 3-year OS rates were 0.784, 0.797 and 0.805, respectively, which were higher than those of 7th or 8th edition TNM stage systems. Regard to the prediction of CSS rates, the AUC values of the nomogram were also higher than those of 7th or 8th edition TNM stage systems. Conclusion: We evaluated the 1-, 2-and 3-year OS and CSS in patients with ACC for the first time. Our nomograms showed relatively good performance and could be considered as convenient individualized predictive tools for prognosis.
Introduction
Acinar cell carcinoma (ACC) is a relatively rare, malignant tumor of pancreas and accounts for approximately 1% of primary pancreatic neoplasms [1, 2] , even though the pancreas is composed predominantly of acinar cells by volume (82%) [3] . As a kind of exocrine pancreatic neoplasms, pancreatic ACC is characterized by producing digestive enzymes such as trypsin, chymotrypsin, lipase, and amylase [4, 5] . It was shown that pancreatic ACC had distinct clinical characteristics compared with pancreatic ductal adenocarcinoma (PDAC) [6, 7] . Compared with PDAC, patients with ACC were more likely to be Ivyspring International Publisher male and have larger tumors [8] . Similarly, surgery provides the best chances for patients with ACC to obtain a better prognosis. It was suggested that patients with ACC have a better prognosis than those with PDAC after surgery [7, 9] . However, due to rarity of ACC, the published literatures were mainly based on studies of small number of patients [7, 10, 11] . The clinical and pathological factors of ACC need to be clearly illustrated. What is more, the Tumor-Node-Metastasis (TNM) staging system of the American Joint Commission on Cancer (AJCC) 8th edition [12] , which is most suitable for PDAC, only takes tumor size and the presence of histological metastasis into account and does not incorporate many other important prognostic factors, such as age, gender and tumor differentiation. TNM staging system may be not an ideal stage system for patients with ACC due to the differences of clinical and pathological characteristics from those with PDAC. It is known that personalized cancer treatment is based on the prognostic evaluation. Therefore, the development of a stage system which is technically feasible and easily clinically accessible to stratify the prognosis of patients with ACC is urgently required.
The indolent feature of ACC leads to a better prognosis of patients with ACC compared with patients with PDAC [5] . There is a high risk of competing non-cancer events for patients with ACC because many patients were diagnosed with ACC in their sixth or seventh decade and faced with associated high rates of comorbidities [13] . Furthermore, the risk of competing events increases in patients with cancers as age increases. Failure to recognize or account for the presence of competing risks may result in misleading conclusions in clinical trials or epidemiological research [14] . It may be not appropriate to use Kaplan-Meier method in prognostic analyses because it treats competing events as independent censorings and overestimates the proportion of cancer-specific death. It is important and necessary to take the competing risks into account when evaluating the prognosis. Therefore, competing risk analyses may be a more suitable method since it considers the informative nature of the censoring and corresponds to the probability of occurrence of a particular event without the assumption of independence between event types [15, 16] .
Competing risk analysis has been widely used in cancer research, such as kidney cancer [17] , brain metastasis cancer [18] and nasopharyngeal carcinoma [19] . However, to the best of our knowledge, no relative study about ACC has been reported. In the current work, competing risk analyses were conducted for these patients using the Surveillance, Epidemiology, and End Results (SEER) database, and competing risk nomograms were built to investigate the cancer-specific survival of patients with ACC.
Patients and Methods

Patients
The SEER program of the National Cancer Institute provides data on cancer incidence and survival in the United States and covers 30% of the population. For this research, data of patients with ACC were extracted from the SEER database (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , using the SEER*Stat software version 8.3.4. The study cohort consisted of patients with the following International Classification of Diseases for Oncology, Third Edition (ICD-O-3), histology code: 8550; and the ICD-O-3 site code C25.1, C25.2, C25.3 and C25.9. The TNM 8th edition stage was calculated according to 6th or 7th edition TNM stages [20] and other characteristic, such as tumor size. The exclusion criteria were as follows: (1) patients with second primary cancer; (2) patients with missing or incomplete information about survival, follow-up months, cause of death or other characteristics; (3) age at diagnosis younger than 18 years; (4) patients not newly or pathologically diagnosed. All patients were used to form the training set to develop the nomogram, and half of them were randomly selected to serve as an internal validation set. Institutional review board approval and informed consent were not required in the current study because SEER research data is publicly available and all patient data are de-identified. All authors have signed authorization and received permission from SEER to access and use the dataset.
Data collection
Demographic and clinical variables were extracted from the SEER database, including age at diagnosis, gender, tumor size, histological differentiation, TNM stage, follow-up information and cause of death. Age at diagnosis was divided into two groups (70 years or younger and older than 70 years). The TNM 8th stage was used as the staging system. Overall survival (OS) was defined as the duration from the date of diagnosis to death or last follow-up, with no restriction on the cause of death. Cancer-specific survival (CSS) was defined as the duration from the date of diagnosis until death due to ACC in the absence of other causes.
Statistical analysis
Continuous data were presented as the medians and ranges and compared using Student's t test. Categorical data were shown as frequencies and proportions and compared with chi-square test and Fisher's exact test. The univariate analysis and multivariate analysis were performed using the Cox regression model. The hazard ratio (HR) and the associated 95% confidence interval (CI) were calculated. The OS was analyzed using the Kaplan-Meier method. The log-rank test was used to compare the differences between groups. Cancerspecific mortality and non-cancer-specific mortality were regarded as two competing events. The combined effects of the variables on overall mortality and cancer-specific mortality were evaluated by proportional hazard analyses of Fine and Grey's model [21, 22] . A nomogram was developed based on the independent risk factors identified in the multivariate analysis. The performance of the nomogram was measured by concordance index (C-index) and assessed by calibration curves [23, 24] . The C-index reflected the probability that a randomly selected patient with lower probability of survival predicted via the nomograms died earlier than another randomly selected patient with higher predicted probability. A higher C-index indicates better ability to separate patients with different survival outcomes. The calibration curves were used to compare the predicted probability with the observed probability in the study cohort. Bootstraps with 100 resamples were used for the development of the nomogram and calibration curve to reduce the overfit bias. Furthermore, the precision of the 1-, 2-and 3-year survival of the nomograms was evaluated and compared using the area under receiver operating characteristic (ROC) curve (AUC). All statistical analyses were performed using SPSS version 22 (SPSS Inc., Chicago, IL, USA). MedCalc software version 11.4.2.0 (http://www.medcalc.be) was used to perform the survival comparisons. Competing risk analysis, nomogram and ROC curves were performed using R version 3.4.2 software (The R Foundation for Statistical Computing, Vienna, Austria. http://www.r-project.org). A two tailed P-value < 0.05 was considered statistically significant.
Results
Patient characteristics
During a period of 10 years from 2004 to 2014, a total of 227 patients with ACC in the SEER database were enrolled in this study. 91 of 227 (40.1%) patients underwent resection. Included patients had a median age of 65 years (range 32-94 years) with 74.4% being female. Most tumors were located at the pancreatic head (n = 110, 48.5%), 31.8% (72 / 227) of patients were at the pancreatic body and tail, and the other 19.8% were multifocal. Poor differentiation (n = 126, 55.5%) was the most common tumor grade, followed by moderate differentiation (n = 64, 28.2%), and well differentiation (n = 37, 16.3%). Large tumors were predominant in all patients. 96.5% of tumors (n = 219) were larger than 2cm and 52% of tumors (n = 118) were larger than 5cm. A total of 76 (33.5%) patients had lymph node (LN) metastasis while most of patients (135; 59.5%) were without metastasis. Most patients (n=91; 40.2%) were categorized as TNM stage IV, followed by stage II (30.8%), stage I (15.8%) and stage III (13.2%). The median follow-up time was 11 months (range 1-124 months). In total, 153/227 (67.4%) patients died. One hundred and six (46.7%) cancer-specific deaths and 47 (20.7%) non-cancerspecific deaths were observed, respectively. The 1-, 2-and 3-year cancer-specific mortalities, non-cancerspecific mortalities and overall survival rates which were stratified by surgery, age, tumor site, tumor grade, tumor size, T stage (8th edition), LN metastasis and metastasis were summarized in Table 1 . In the subgroup competing mortality analyses, the cancerspecific mortalities were significantly higher in patients when they had no surgical resection (P < 0.001, Fig. 1A ), poor tumor differentiation (P < 0.001, Fig. 1D ), more advanced T stage (8th edition) (P = 0.037, Fig. 1F ), presence of LN metastasis (P = 0.034, Fig. 1G ) and presence of metastasis (P < 0.001, Fig.  1H ). The competing mortality was higher along with the increasing ages (P = 0.001, Fig. 1B) . Furthermore, there was no significant difference with regard to competing mortality in all the subgroup analyses except age (P > 0.05). In addition, the Kaplan-Meier curves showed that there were significant differences of OS rates when they were stratified by these characteristics. Patients who had no surgical resection (P < 0.001, Fig. 1A ), older ages (P < 0.001, Fig. 1B ), tumors at pancreatic head (P = 0.006, Fig. 1C ), poorly differentiated tumors (P < 0.001, Fig. 1D ), an elevated T stage (8th) (P = 0.050, Fig. 1F ), LN metastasis (P = 0.045, Fig. 1G ) and metastasis (P < 0.001, Fig. 1H ) had poorer OS. However, there were no significant differences in OS stratified by different tumor sizes (P > 0.05, Fig. 1E ).
Univariate and multivariate analyses of effects of factors on OS and CSS
The median OS time was 16 months (95% CI, 11 -20 months) and the 1-year, 2-year and 3-year OS rates were 53.2%, 41.1% and 34.0%, respectively. In the univariate analysis, age (HR = 1.739, 95% CI, 1.263 -2.393, P = 0.001), gender (HR = 1.581, 95% CI, 1.076 -2.321, P = 0.020), tumor grade (HR = 2.723, 95% CI, 2.093 -3.542, P < 0.001), T stage (8th) (HR = 1.305, 95% CI, 1.051 -1.620, P = 0.016), LN metastasis (HR = 1.392, 95% CI, 1.000 -1.937, P = 0.050), number of positive LN (HR = 1.444, 95% CI, 1.021 -2.042, P = 0.038) and metastasis (HR = 2.614, 95% CI, 1.881 -3.633, P < 0.001) were significantly associated with OS, while tumor site, tumor size were not significantly related to OS (P > 0.05). In addition, for the included patients, it was shown that gender, tumor grade, T stage (8th edition), LN metastasis, number of positive LN and metastasis were validated to be significantly associated with CSS according to the results of the univariate competing risk analysis ( Table 2 ).
Variables that were significantly associated with OS and CSS analyzed by multivariate analyses were selected to be prognostic indicators (Table 2) . After adjusting for other risk factors the multivariate analysis showed that tumor grade (HR = 2.288, 95% CI, 1.478 -3.542, P < 0.001), LN metastasis (HR = 1.869, 95% CI, 1.008 -3.465, P = 0.047) and metastasis (HR = 4.099, 95% CI, 1.678 -10.017, P = 0.002) all remained associated with OS. What is more, these variables were also independent predictive factors for CSS. Poorer tumor grade (HR = 3.036, 95% CI, 1.709 -5.392, P < 0.001), present of LN metastasis (HR = 2.600, 95% CI, 1.216 -5.557, P = 0.014) and present of metastasis (HR = 4.511, 95% CI, 1.389 -14.653, P = 0.012) were more likely to contribute to cancer-specific mortality.
Construction and validation of nomograms for OS and CSS
All the independent predictors of OS and CSS in the whole study cohort were integrated into the nomogram. Figure 3 illustrates the predictive nomograms established for the 1-, 2-, and 3-year OS and CSS rates in the training set. A patient's probability of individual survival can easily be calculated by adding the scores for each selected variable. The nomogram demonstrated good accuracy for OS prediction, with a C-index of 0.742 (95% CI, 0.706 -0.778). Calibration plots for the probabilities of 1-, 2-, and 3-year OS showed fair agreement between the nomogram-predicted survival and the actual survival in both the training and validation sets (Fig.  4) . The nomogram for CSS prediction which was generated based on Fine and Grey's model, also showed good accuracy, with a C-index for the CSS prediction of 0.766 (95% CI, 0.729 -0.803). Calibration plots for the probabilities of 1-, 2-, and 3-year CSS showed an optimal agreement between prediction by the nomogram and the actual observation with regard to both training and validation sets (Fig. 5) . We compared the discriminatory accuracy of the nomograms with that of the 7th and 8th edition TNM stage systems in the training set. The nomogram discriminatory accuracy for OS prediction was superior to that of either the 7th or 8th edition TNM stage systems (C-index = 0.742, 95% CI, 0.706 -0.778 vs 0.620, 95% CI, 0.569 -0.671, P < 0.001; 0.742, 95% CI, 0.706 -0.778 vs 0.631, 95% CI, 0.581 -0.681, P < 0.001, respectively). Discriminatory accuracy of the nomogram for CSS prediction was also enhanced compared with both the 7th or 8th edition TNM stage systems in the training set (C-index = 0.766, 95% CI, 0.729 -0.803 vs 0.655, 95% CI, 0.596 -0.714, P < 0.001; 0.766, 95% CI, 0.729 -0.803 vs 0.661, 95% CI, 0.606 -0.716, P < 0.001, respectively). What is more, the nomograms established in this study also displayed more powerful efficiency of discriminatory accuracy for both OS and CSS prediction in the validation set compared with the 7th or 8th edition TNM stage systems (Table 3 ). 
Comparison of AUC values of the nomogram and 7th or 8th edition TNM stage system
The discriminatory capacity of the nomograms and 7th or 8th edition TNM stage systems was compared by analyzing the AUC values (Fig. 6 ). For the whole study cohort, the AUC values of the nomogram for predicting 1-, 2-, and 3-year OS rates were 0.784, 0.797 and 0.805, respectively, whereas the AUC values were 0.650, 0.681 and 0.708, respectively for the 7th edition TNM stage system and were 0.662, 0.684 and 0.707, respectively for the 8th edition TNM stage system. With regard to the prediction of the 1-, 2-, and 3-year CSS rates, the AUC values of the nomogram were 0.832, 0.852 and 0.852, respectively, while the AUC values of the 7th TNM stage system were 0.689, 0.717, and 0.739, respectively and the AUC values of the 8th TNM stage system were 0.691, 0.709 and 0.726, respectively. It was shown that the nomograms had superior discriminative capacity for predicting both OS and CSS compared with either the 7th or 8th edition TNM stage system.
Survival analysis and competing risk analysis according to the risk stratification based on the nomogram
All patients in this study with the probability score of ≤ 10, 10 -20 and > 20 were assigned into the low risk group, middle risk group and high risk group, respectively. As shown in Fig. 7 , patients in the low risk group had significantly higher survival rates and lower cancer-specific mortalities compared with patients in the high risk groups (P < 0.001). 
Discussion
ACC is an uncommon solid epithelial exocrine tumor in pancreas and comprehensive retrospective institutional cases serious are not easily available to make accurate conclusions of outcomes and clinical characteristics of ACC. It is necessary to establish an efficient prognostic system that can be used to predict survival for patients with ACC. However, the TNM 8th stage system [12] , the most widely used stage system, is more applicable for PDAC than for ACC. Maybe it is imprecise to solely use traditional stage system to evaluate the prognosis in patients with ACC. Furthermore, the previously reported stage systems only focused on OS of patients, ignoring non-cancer-specific death which could have great impact on the survival outcome, especially for patients with increasing age [25] . Thus, we aimed to develop and validate prognostic nomograms to predict OS and CSS. To the best of our knowledge, our study was the first one to apply competing risk analysis model in evaluating the prognostic factors in patients with ACC. The established nomograms were derived from retrospectively collected data on 227 patients from the SEER dataset, showing favorable discrimination and calibration. In addition, comparison of values of AUC showed that nomograms were superior to 7th and 8th TNM stage systems in predicting OS and CSS in patients with ACC.
Similar to other studies [8] , most patients with ACC are older than 65 years old at diagnosis. The increasing age had a direct effect on non-cancer-specific mortality. It was shown that the non-cancer-specific mortalities were significantly higher in elder patients in the present study. What is more, nearly 60% of non-cancer-specific death was observed in patients with elder ages. This result showed that non-cancer-specific mortality was an important competing risk event in older patients, which was in consistent with the previous studies [26] . It is necessary to consider age when predicting prognosis in patients with ACC, especially in elder patients, because age-related complications may lead to non-cancer-specific mortality.
Although prognosis of patients with ACC after surgery is substantially better than prognosis of patients who received no surgery treatment, the multiple lesions and distant metastasis usually led to the loss of opportunity of surgical treatment [27, 28] . Interesting, it was shown that patients who were recommended to receive surgery but did not receive operation finally still had favorable prognosis compared with those who had not receive surgical treatment due to the late stages of diseases, showing that apart from surgery, the clinical characteristics themselves had great impact on prognosis of patients with ACC. What is more, similar to other studies [8, 29] , tumor size was proved not to be an independent prognostic factor for patients with ACC who were more frequently to have large tumors. In addition, there were no significant differences in OS and CSS stratified by tumor size in the present study. In this sense, different from PDAC [30, 31] , large tumor should not be the contraindication of surgery for patients with ACC. The increasing number of patients who can receive surgery may ultimately improve the prognosis of patients with ACC.
Variables which were significant associated with prognosis of patients with CAA, such as age and surgery, were included into the established nomograms in this study. According to the nomogram based on the proportional hazard analysis of Cox regression model and Fine and Grey's model, there was a magnitude of poor prognosis as tumor grade changed from well to poor differentiation. Similar to other studies [6, 8] , tumor grade was also proven to be an independent prognostic factor in patients with ACC in this study. Furthermore, the prognostic value of tumor grade was independent of other pathological variables, such as LN metastasis and distant metastasis, which are the main components of TNM stage system. Different nomogram scores were assigned to patients with different tumor grades although these patients might be classified as the same TNM stages. The inclusion of additional variables of nomograms leads to the differences of prognosis predicted by nomograms and TNM stage systems, and they may partly explain the superior power of nomograms in predicting OS and CSS compared with 7th and 8th edition TNM stage systems.
With regard to LN metastasis and distant metastasis, presence of LN metastasis and distant metastasis accounted for 33.5% and 40.5% of the total patients, respectively in this study. Although it was reported that incidences of metastasis to LN and distant organ for ACC are lower than those for PDAC [28] , the presence of LN metastasis or distant metastasis would increase unresectable rates and indicate poorer prognosis in patients with ACC, which is similar to that of PDAC. In addition, previous studies [32] reported that LN metastasis occurred earlier in ACC than in PDAC and suggested the unfavorable prognosis. Similarly, our study also indicated that LN metastasis and distant metastasis were both independent prognostic factors in survival analysis and should be included into the systems for prognostic prediction.
Non-cancer-specific mortality is the main form of competing risk in survival analysis and should be considered when evaluating prognosis for decisionmaking and patient counseling. In the present study, compared with TNM stages, the combination of main elements of traditional stage systems and other tumor associated factors, such as surgery, age and tumor grade, enhances the discrimination power in predicting OS and CSS in patients with ACC, which was indicated by the comparison of C-indexes and values of AUC. A basis of a relatively large size of cohort could also make results more generalizable than those from single-center studies. Additionally, a clear risk stratification of survival rates or cancer-specific survival rates using nomogram predicted probabilities was demonstrated by survival curves or competing risk analysis. Furthermore, the established nomograms, which were composed of a few predictors, could be used by doctors to make accurate individual prognosis estimates. This study has several limitations in this study. First, there was no relative information of some haematological indexes, such as carbohydrate antigen 19-9 (CA19-9) and α-fetoprotein (AFP), as well as some positive variables associated with prognosis, such as surgical margin status and vascular invasion, in the SEER dataset. These variables may be an effective complement to the existing stage systems and this will be a major part of our future research. In addition, some indices associated with the patient's basic information, such as comorbidity, did not serve as a predictor in competing risk nomogram. As age was selected as an important predictor in the nomograms and thus we regarded it as a proxy of comorbidity to offset the limitation. Moreover, all patients were used to form the training set to develop the nomogram, and half of patients were randomly selected to serve as an internal validation set in this study. Although this is a generally accepted method for nomogram construction and validation, external validation based on other population is still needed to estimate model accuracy. Finally, as user-friendly tools to help doctors to make decisions, the established nomograms did not include all prognostic factors and cannot always provide precise prognosis in clinical practice.
In conclusion, based on the competing risk analysis model and survival model established on the SEER database, the estimations of 1-, 2-and 3-year OS and CSS in patients with ACC were established for the first time in this study. Furthermore, our nomograms which showed relatively good performance might facilitate highly tailored patient management in clinical practice. However, further external validation is still needed.
